Background: One disadvantage of expressing heterologous proteins in Escherichia coli is that the proteins are frequently expressed as insoluble inclusion bodies. To avoid this problem, heterologous proteins are typically expressed as a fusion protein. Maltose binding protein (MBP) is one of the widely used partners for production of recombinant fusion proteins in E. coli. MBP is among the most effective solubility enhancers. In addition, MBP can be used as an affinity tag for purification of recombinant proteins on a column of amylose resin. Objectives: The purpose of this study was to investigate the use of rice flour, a natural source of amylose, for purification of MBP fusion proteins. Materials and Methods: MBP and a fusion protein of MBP and avian influenza virus nucleoprotein (MBP-NP) were expressed in E. coli and subjected to purification by rice flour and a commercial amylose resin. The purified proteins were analyzed by SDS-PAGE. Results: The results indicated that MBP and MBP-NP, both were successfully purified by rice flour. Conclusions: Rice flour can be used for purification of MBP fusion proteins. Although the efficiency of purification by rice flour is less than amylose resin, however, the yield is sufficient to obtain a quantity of protein required for research purposes.
Background
Production of proteins by genetically engineered Escherichia coli cells has become well established in biotechnological research. One disadvantage, however, of expressing heterologous proteins in E. coli is that the proteins are frequently expressed as insoluble inclusion bodies (1) . One way to avoidthis problem is to fuse the target protein with a highly soluble polypeptide partner.Moreover, the fusion partner, or tag, facilitates the purification process and in several cases the detection of the recombinant protein (2) . Maltose binding protein (MBP) is one of the most widely used partner proteins. Maltose binding protein is encoded by the malE gene of E. coli K12.
There is evidence indicating that MBP with an approximate molecular weight of 42.5 kilodaltons, is among the most effective solubility enhancers (3, 4) . In addition, MBP can be used as an affinity tag for purification of recombinant proteins (3, 4) . Maltose binding fusion proteins can be purified by a one-step affinity chromatography on cross-linked amylose (5) . Commercial amylose resins usually consist ofamylose moiety covalently attached to agarose beads (6).
Objectives
Due to frequent use of MBP as a fusion partner in our laboratory (7-9) along with the fact that commercial amylose resins are expensive, this study was undertaken to verify the efficiency of a natural source of amylose, rice flour, for purification of MBP and Avian influenza virus nucleoprotein fused to MBP (MBP-NP).
Materials and Methods

Expression of MBP and MBP-NP Fusion Proteins
E. coli BL-21 strain was transformed with plasmid pMAL-c2x (for expression of MBP) or plasmid pMAL-c2x-NP (for expression of MBP-NP) (8) as described previously (10) . Subsequent to of the bacteria grown on LB agar medium supplemented with ampicillin, a bacterial colony for each plasmid was selected for expression and purification of the proteins. Therefore, 5 ml of LB broth containing 50μg/mL ampicillin was inoculated with the bacteria and incubated overnight at 37°C. The overnight cultures were used to inoculate 500 ml of fresh LB-ampicillin medium containing 2 mg/mL glucose and incubated at 37°C with shaking for about 2.5 h, until the OD600 reached 0.5. Then, Isopropylβ-D-thiogalactoside (IPTG) (Company Cinnagen, Iran) at a final concentration of 1 mM was added to the bacterial suspensions and incubation continued for an additionaltwo hour at 30°C. Bacterial cells were harvested by centrifugation at 4000 g for 10 minutes and suspended in 25 ml column buffer (20 Mm Tris/HCl, pH 7.4,200 Mm NaCl and 1mMM EDTA) and stored at −20°C, for future use of protein purification.
Purification of the Expressed Proteins
Bacteria, stored at -20°C were thawed in cold water and again subjected to 2 more rounds of freeze and thawing, followed by sonication performed in short pulses of 15 seconds until the bacterial suspension became clear. The soluble and insoluble fractions of the E. coli lysate were separated by centrifugation at 12 000 g for 30 min at 4°C. Following centrifugation, the supernatants (soluble fractions) were diluted 1:5 with column buffer and divided in two equal parts for purification on a column of amylose resin (New England Biolabs, USA) or on a column filled by rice flour. For protein purification with amylose resin, 3 ml of packed resin in a column of 1 x 10 cm was prepared. To createa column of rice flour, the rice flour was prepared with a domestic mill, extensively washed with tap water and held in water at 4°C, overnight. Then, a column, similar to the above, with 3 ml of packed rice flour was prepared.
To purify the protein on the column of rice flour, diluted soluble fractions were loaded at a flow rate of 1 ml/min. The flow-through was collected and once more loaded on the column. All preparatory steps of washing the column and protein elution were performed as described for amylose resin (New England Biolabs, USA). Samples of the flow-through of columns after elution with 10 Mm maltose were analyzed by electrophoresis in a 10% SDS polyacrylamid gel (SDS-PAGE).
Results
To reveal the results of purification of MBP by amylose resin and rice flour columns, multiple fractions of flowthrough of the columns presumed to contain the purified MBP were collected and analyzed by SDS-PAGE. As projected, application of amylose resin successfully resulted in purification of the pMAL-c2x encoded MBP. It is evident from this figure that rice flour was also able specifically to purify a protein of similar size (about 51 kDa) among all of the soluble bacterial proteins loaded on the column. In the subsequent study the ability of rice flour for purification of MBP-NP protein, a proteins of 97 kDa, was investigated. The results showed the ability ofrice flour to purify MBP-NP protein (Figure 2) . 
Discussion
Fusion partners are important tags in protein expression systems. They can be helpful for either stabilizing proteins or enhancing their solubility. Moreover, Tags are important tools for protein purification by affinity chromatography. Tags that are frequently used include hexahistidine (His), glutathione-S-transferase (GST) and maltose binding protein (MBP). Histidine tags have an affinity for nickel or cobalt ions that are coordinate covalent bond with a chelator for the purposes of solid medium entrapment. For elution, an excess amount of a compound able to act as a metal ion ligand, such as imidazole, is used. GST has an affinity for glutathione which is commercially available as glutathione agarose (11). Up until now, many researchers have preferred to use MBP as a fusion partner, rather than some other affinity tag. The fact is that MBP is a very effective solubilizing agent;it is the only thoroughly validated solubility enhancer that is also a natural affinity tag (3, 4) . Solubiliz-ing effect of MBP is especially important when eukaryotic proteins are over expressed as fusion proteins in bacteria. The affinity matrix for purifying MBP-fusionproteins utilizes amylose covalently attached to magnetic beads, agarose, or a chemically inert fast protein liquid chromatography (FPLC) matrix (6) .
Amylose is one of the two components of starch theother component is amylopectin. Amylose is more resistant to digestion and insoluble in water, compared to amylopectin (12) . As a cereal grain, rice is a natural source of amylose (13). In this current study, we tried to findthe utility of rice flour as an alternative to conventional affinity resins for purification of MBP and recombinant proteins fused to MPB. The results indicated that the application of amylose resin and rice flour both lead to purification of a similar protein of 51 kDa. MBP is a protein of approximately 42.5 kDa however, when there is no insert in the multiple cloning site of the plasmid pMAL-c2x, fusion of MBP and β-galactosidase α fragment it leads to expression of a fusion protein that migrates to a position of 51 kDa.
In fractions collected of both columns, the amount of purified MBP was increased after the first fractions and then decreased following the second or third fractions. This pattern of increase and decrease of the protein concentration in different fractions confirms the specificity of purifications. Specificity of purifications was also confirmed by the absence of MBP in flow through of columns after washing but before elution (data not shown).
After finding the ability of rice flour in purification of MBP-β-galactosidase fusion protein, the possibility that purification of the fusion protein is related to β-galactosidase subunit, should be eliminated. For this purpose, purification of a fusion protein of MBP with nucleoprotein of Influenza virus A (MBP-NP), lacking the β-galactosidase were investigated. The results illustrated that rice flour was also able to purify MBP-NP with a molecular weight of 97 kDa. A very near similar pattern of increase and decrease of the purified protein in different fractions was also observed in this experiment.
Based on the results of this study, it was concluded that rice flour binds specifically the MBP and releases it after elution by maltose solution. Although the quantity of purified protein was significantly lower with rice flour nevertheless, its purity was comparable to the protein purified by amlyose resin. Therefore, rice flour could be used for purification of MBP fusion proteins, at least in laboratories with limited research funds.
